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ANTHROPOGENIC INFLUENCES ON GEOGENIC
TRACE ELEMENTS AND CONTAMINATION IN WASH
SEDIMENTS FROM HISTORICAL MINING ACTIVITIES
IN THE CARNATION WASH SYSTEM, NELSON,
NEVADA (USA)
Douglas B. Sims1§, Anthony Francis2
1
2

Sims & Associates, Cedar Park, TX
Silver State Analytical Laboratories, Las Vegas, NV

ABSTRACT
This study examines contamination from abandoned mine mill waste in the
sediments of the Carnation Wash system, Nelson, NV. The Carnation Wash was
chosen because only one milling site is located near the head of the wash system.
This is the only mill facility located within the wash or surrounding area of the
wash and therefore, this mill is the primary source for processed mine tailings in
the Carnation Wash system. Contaminants from the precious metal extraction
process (such as CN- and Hg) are mobile in the aqueous phase, however, geogenic
trace elements have been shown to be mobilized as sorbed species on sediment
transported by storm-water flow according to enrichment ratio modeling. The
geogenic metals Pb, Ag, Cd, and Se, and the metalloid As, are released from
native ores by the intensive use of CN- and Hg in the extraction of precious
metals. This has resulted in a concentration of geogenic trace elements (Pb, Ag,
Cd, Se, and As) in mine wastes that have been transported down gradient as much
as 6000m from source areas. Trace elements (Pb, Ag, Cd, Se, and As) in
sediments exceeded a threshold enrichment value of 1.5, which differentiates
between natural erosion and release of
these trace elements, and
anthropogenically influenced trace element mobilization and transport in wash
sediments.
Keywords: Nelson, Nevada, Mining, Historic, sediment, Contamination, Trace
Metals, Enrichment Ratios
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1.0

INTRODUCTION

The subject site is situated at an elevation of 3100 ft and is 6 miles upgradient
from Lake Mohave at 647 feet above sea level (Fig 1). Over the years, dry
washes in the Nelson, Nevada area have been impacted by historical and modern
mining activities resulting from the disposal of tailings. Southern Nevada
receives little precipitation (<7.6 cm/year) to mobilize contaminants in a soluble
form; however, when precipitation occurs, it is usually is the result of a major
storm event that generates 1 to 2 cm of precipitation in less than 30 minutes
(Sims, 1997). Such events generate significant overland flow that is confined to
small canyons and wash systems where sediments are transported over long
distances and into the surrounding environment (Glancy and Harmsen, 1975).
Constituents of concern or COCs (Pb, Ba, Ag, Cd, Se, Cr, As, Hg, CN-),
storage in sediments, and their possible mobilization by storm events are focus
areas of research in the understanding of pollution in the environment and impacts
on ecology and human health. Constituents of concern in surface sediments are
the focus of this study rather than dissolved elements, for which transport in
probably reduced due to low precipitation (Bureau of Reclamation, 1995).
Indeed, sediments in the Nelson Nevada area are dry and void of moisture most of
the year however, during periods of precipitation sediment moisture increases, but
is short lived because of the extreme temperatures and high evaporation losses
typical during the rainy season (Bureau of Reclamation, 1995). Any transport of
contaminants will most likely be contaminants sorbed or trapped rather than as
dissolved species.
Trace elements, metalloids, and other compounds (Cu, Zn, Pb, As, Se, Ca, Ag,
Cd, Hg, Cr, CN-) have been the focus of numerous studies because of their long
residence times and toxicity in environmental systems (Sutherland, 2000; Zhang
and Shan, 2008; Chow, 1970; Page and Ganje, 1970; Khalid et al., 1981; Motto et
al., 1970; Liu et al., 2001; Frignana and Bellucci, 2004; Coulthard and Macklin,
2003; Mackenzie and Pulford, 2002). The redistribution of processed mine
tailings by storm-water transport can result in metals and metalloids in sediments,
greater than background levels, that could be hazardous to ecosystems and human
health.
The process of contaminant transfer/mobilization in sediments is not restricted
solely to mining activities, and thus, it is necessary to examine previous studies in
any setting to provide a better understanding of the processes involved in the
mobilization and transport of geogenic and anthropogenic trace elements and
metalloids. Many studies have used sediment records to examine depositional
processes and sediment dispersion on a local scale (Zhang and Shan, 2008; Zhang
and Liu, 2002; Liu et al., 2001; Graney and Eriksen, 2004). It has been
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Carnation Wash source area, White
color is tailings piles
Lake Mohave

Carnation Wash system

Carnation Wash location

Figure 1: USGS Aerial, 1994, showing location of Carnation Wash
system (Lat: 35.69149N; Lon: -114.76357W).
demonstrated that anthropogenic process can cause mobilization of elements that
would not otherwise be transportable (Sutherland, 2000; Zhang and Shan, 2008;
Chow, 1970; Page and Ganje, 1970). Studies of anthropogenically affected Pb,
Zn, and Cu have revealed that sediments and sediments affected by automobile
emissions can be enriched in these metals in lower sediment horizons (7.2-10cm)
more so than in upper horizons (Sutherland, 2000). Although automobile
emissions and mine tailings are significantly different, the transfer and transport
of metals in sediments are similar in that Pb, Cu, and Zn will mobilize in a similar
fashion in arid sediments as adsorbed metals to sediment particles.
Mass loading and mass per area enrichment ratios (MAER) are other means to
study the impacts of human activities on sediments, as applied by Sutherland
(2000) to investigate the mobilization of metals in urban sediments on the Island
of Oahu, Hawaii. Enrichment ratios for metals in sediments have also been
utilized in the study of fertilization of agricultural fields (Zhang and Shan, 2008;
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Agrawal et al., 1981; Qin and Chen, 1996; Eades et al., 2002; Yin et al., 2006;
Moolenaar et al., 1997).
Mines in Southern Nevada have been studied for the transport of metals and
CN- in surface sediments (Sims, 1997; Sims and Bottenberg, 2007; 2008; Sims
and Francis, 2008). Metals transport with sediment transport has been studied to
evaluate the effects of the concentration of geogenic metals during milling
processes associated with historical mine mills in arid climates. It has been
shown that both the enriched geogenic elements (i.e. As, Pb, Se, Cd) and
anthropogenic constituents (i.e. Hg and CN-) have the ability to migrate in
sediments during major storm events (Sims and Francis, 2008). It has also been
reported that in arid climates the primary process of distribution of the
contaminants is the transport of sediments containing these contaminants rather
than their transport dissolved in water in areas with little to no precipitation (Sims
and Francis, 2008).
Environmental models have been widely used to predict mass transport of
sediments as a “moving wave” according to Pickup et al. (1983). Models have
used sediment velocity, dispersion coefficients, and mean distributions of
sediment loads to depict the movement of the wave. Pickup et al. (1983) found
that modeling the moving wave of sediment with a dispersion model could depict
sediment transport down slope in an area influenced by surface waters. From this
research they found that key variables sediment velocity, dispersion coefficient,
and the mean distribution could best predict the distance of movement with
greater efficiency than collecting random samples. However, models are limited
by data variability and natural variations most commonly found in the
environment.
Modeling the movement of contamination can be a useful means of predicting
the future conditions of mine sites. Over the years, a number of researchers
(Yager and Stanton, 2000; Ge et al., 2005; Mackenzie and Pulford, 2002; Stanton,
2000; Zhang and Shan, 2008) have used environmental modeling to assist in the
interpretation of mine contamination. Models using topography, precipitation,
geophysics, geochemistry, hydrology, and historical records, provide the best
results that can be considered in the investigation of historical mine sites and the
movement of associated contaminated sediments.
Coulthard and Macklin (2003) used models for predicting long-term
contamination issues in rivers and streams in historical mining environment.
They developed a modeling technique called TRACER which uses historical mine
records, and topographic and hydrologic mapping to predict the movement of
contaminated sediments in relation to the source. This model provides results that
show the extent of contamination, and, what Coulthard and Macklin (2003) refer
to as “hot spots.” These hot spots are secondary sources of contamination that
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occur some distance away from the original source. These hot spots can impact
other uncontaminated areas as a result of climactic changes that produce more
intense storm events and flooding. The mass movement of hot spot material in
surface waters can adversely impact new areas with contaminated sediments (Ge
et al., 2005; Coulthard and Macklin, 2003; Mackenzie and Pulford, 2002).
Identifying anthropogenic sources of Hg as opposed to naturally abundant Hg
will provide information about point source pollution rather than eroded,
“naturally occurring” Hg sources (Coulthard and Macklin, 2003). Researchers
have investigated the differences between anthropogenic Hg and geogenic sources
in order to gain a better understanding of mine related point source and non-point
source pollution (Engle et al., 2001; Yager and Stanton, 2000; Stanton, 2000).
This research focuses on an area that receives small amount precipitation per
year with typical storm events leaving little time for precipitation to infiltrate into
the ground (Sims, 1997). This lack of time for water to infiltrate sediment depth
generates high energy flash floods that can transport large quantities of sediments
from contaminated areas to areas where there has been no mining activity (Glancy
and Harmsen, 1975). The study area is the Carnation Wash system located 9.7 km
up gradient in a westerly direction, from Lake Mohave. The drainages that
comprise the wash systems in this area merge to create one large channel
approximately 800 m upgradient of Lake Mohave.
Understanding trace element storage in sediments and the potential for
transport are key areas of research for our understanding of the potential pollution
and ecological and human impacts from abandoned mines. There were three
milling facilities located within three major washes, Carnation, Eagle and
Techatticup Wash, that date to >50 years before present. Wastes generated at
these milling sites have the potential to be transported, carrying geogenic metals
and metalloids beyond localized areas and into the surrounding environment.
Sediments in the Carnation Wash were evaluated to establish if Pb, Ba, Ag, Cd,
Se, and Cr, the metalloid As, and anthropogenic inputs of Hg and CN- are
transported down gradient as a result overland flow. The nine COCs were
targeted in this study because of their toxicity, geogenic nature and anthropogenic
inputs to the environment.

2.0

SURVEY AREA

2.1

Geological Setting

Surface and near-surface geology in the Nelson, Nevada area are mainly
composed of fine-grained quartz monzonite dikes varying from Precambrian to
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Tertiary and Quaternary in age (Hansen, 1962; Longwell, et al, 1965). The
Precambrian materials are composed of heterogeneous gneisses and schists with
younger deposits of garnetiferous granite gneiss (Hansen, 1962). Paleozoic and
Mesozoic age rock formations are absent in the Nelson area but can be found in
surrounding areas (Hansen, 1962). Tertiary rocks in the Nelson area consist of
beds of middle to late Tertiary age pyroclastic flows of andesite, basalt, and
rhyolite (Hansen, 1962; Longwell, et al, 1965).
Volcanic rocks in the area are cut by a number of northward trending faults
that also extend into the quartz monzonite dikes (Longwell, et al, 1965). Other
formations in the area are of Precambrian age gneiss and schist originating from
irregular dikes of pegmatite, aplite, and fine-grained andesitic porphyries (with)
quartz monzonite structures (Hansen, 1962; Longwell, et al, 1965; Greene, 1975;
Bell and Smith, 1980). Sediments in the area are composed mainly of sandy
gravels that are volcanic in origin (Longwell, et al, 1965).
Ore bodies of gold and silver in the Nelson, NV area occur in fissured quartz
monzonite dikes (Hansen, 1962; Bell and Smith, 1980). These dike structures dip
nearly vertical and can be up to a 1.5 km in length on the surface (Hansen, 1962;
Longwell, et al, 1965). Quartz monzonite dikes at the north end of the area cut
through a series of lavas, breccias, tuffs, and andesite and rhyolite structures that
strike north and dip twenty to sixty degrees eastward (Bell and Smith, 1980;
Longwell, et al, 1965). Economic mineral deposits of gold and silver can be
found in epithermal fissures located on the margins of the Nelson Quartz
Monzonite and surrounding volcanic and foliated rocks of Precambrian age
(Hansen, 1962; Longwell, et al, 1965).

2.2

Climate Setting of Nelson, Nevada

The Carnation Wash system was studied to determine the impacts from stormwater transport of sediments containing COCs from mining activities. The
majority occurs in a few major storm events between the months of June and
September, whereas winter rains are more commonly known to produce less than
1cm of precipitation per event (Greene, 1975). Approximately 35% to 40% of the
measurable precipitation occurs in 1cm or greater events from a single summer
thunderstorm (Bureau of Reclamation, 1995). The nearest permanent water
source to the town of Nelson, NV is Lake Mohave, located approximately 10 km
east of the town (Fig. 1).
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2.3

Hydrological Setting of Nelson, Nevada

The Carnation Wash is a large system with the first major confluence with
other wash systems located approximately 800 m up gradient from Lake Mohave.
There is only one major mining and milling site, the Techatticup Mine, within the
wash, and it is situated 6.5 km up gradient from Lake Mohave. This wash was
selected for the singular presence of the Techatticup Mine. Investigating this
wash makes possible the evaluation of the impact that a large mining and milling
operation can have on its surrounding environment because only one mine is
located within the wash system that is the single source of contaminant tailings
distributed throughout the system. Furthermore, this wash does not have any
large tributary systems that feed contaminated sediments from sources other than
from the Techatticup Mine.
The nature of the geologic setting is that it inhibits the movement of
groundwater because of its synclinal structure (Bell and Smith, 1980).
Groundwater can only flow west to east along the geological orientation of ridges
and mountains, and, because the area is composed of small valleys and
mountains, the principal groundwater system has little or no influence on the area
of investigation. There are numerous perched aquifers associated with the desert
washes that capture water from precipitation events holding it just beneath the
surface (Longwell, et al., 1965). However, these perched aquifers are typically
high in dissolved solids and therefore have limited use as a water resource for
consumption. The perched aquifers are commonly found along washes where
bedrock outcroppings occur, interrupting the flow of sediment water and interflow
after a storm event (Longwell, et al., 1965).

2.4

Sediment Composition in Nelson, Nevada

Sediments are composed of fine aeolian silt at the surface with a depth
ranging from 15 to 25 cm. Wind-blown materials are covered by stage two desert
pavement situated on alluvial fans with exposed sediments on the sides of small
hills (Bell and Smith, 1980; Longwell et al, 1965). Below wind-blown deposits
lie alluvial gravels and cobbles with caliche layers ranging in thickness from a
few inches to several feet. Exposed bedrock in deeply cut dry washes that formed
with east to west trends at a constant 3-5 % downward slope towards Lake
Mohave, are present around the Nelson area. Sediments located in Nelson, NV
have pH values ranging between 9.1 and 9.4, contain 1 to 2 % calcium-carbonate
mineral, and have < 1 % organic carbon (Longwell et al., 1965).

Produced by The Berkeley Electronic Press, 2010

7

International Journal of Soil, Sediment and Water, Vol. 3 [2010], Iss. 1, Art. 2 ISSN: 1940-3259

Tailing dumps are composed of a fine-grained, silty sediment <1.0 mm grain
size. Sandy-gravel with fine particles ranging between 2 mm and 4 mm and
mixed with larger gravels and cobbles are found within wash systems.
Throughout the washes, pockets of the fine-grained silty tailings are found in
aggradational areas of the wash meanders. In mill sites containing processed
tailings it is evident that stormwater has eroded tailings into the wash system and
conveyed the mix of tailings and sediment down gradient from the Carnation
Mine and Mill site. Because surface sediments contain <0.1 % moisture, soluble
metals and elements are much less important than transport of particulate or
adsorbed contaminants in the Nelson, Nevada area.

3.0

EXPERIMENTAL SECTION

3.1

Sampling Methodology

Nine samples were collected for this study along a 6180m transect of the
Carnation Wash system. Samples were composites of three separate point source
samples that are used to characterize a larger area, or volume, of near-surface
sediments. A total of twelve (12) sediment samples were collected along the
wash, nine from the wash starting at the source and continuing down gradient to
6000 m, and three above the source. Each sample represented composites of
sediment collected at three equally spaced locations across the wash except for the
background location. Samples were taken from each of the two banks and from
the center of the wash, at a 0-5 cm maximum depth. The exact size and shape of
the sampling area were adjusted to meet site-specific conditions. Background
samples were collected at 60 m (-60), 120 m (-120) and 180 m (-180) above
where tailings were observed to be eroding into the wash (source material). The
initial wash sampling was at the point where tailings were eroding into the wash,
or the source area. Samples were collected at the source, at 50 m, 100 m, 200 m,
400 m, 1000 m, 2000 m, 4000 m, and 6000 m below the source area (Fig. 2).
Each sample was collected with a new pair of disposable gloves and plastic
scoops to prevent cross contamination of samples. Any large stones, sticks and
vegetation were removed prior to compositing samples. Each composite sample
used a new high density polyethylene (HDPE) plastic mixing bowl to composite
the sample. The sample then was sieved through a 2mm screen and thoroughly
mixed just prior to placing in plastic bags. The sieve was cleaned between each
sample collection with a 1% HCL solution and rinsed with deionized water. After
thoroughly mixing each composite, a subsample of 500 grams was transferred
into a new plastic zip lock bag and labeled with its sample location, GPS
coordinates, date, and time.
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Background
Samples
x
x x
x 50m/50mD
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x
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Figure 2. Carnation Wash system Sampling Area and Topography.
At location 50m beyond the source area, a duplicate sample was collected by
splitting the composite sample after thoroughly mixing. Although it is often
difficult to homogenize and split sediment samples equally in the field,
particularly for fine-grained sediments, the duplicate sediment samples are useful
as an analytical confirmation method.
Samples were transported to the
laboratory where they were air-dried and ground before sieving through a 2mm
nylon sieve.

3.2

Sample Analysis

Samples were analyzed by Inductively Coupled Plasma-Optical Emission
Spectrometer (ICP-OES) per USEPA method 3050B for total elements (As, Cu,
Cr, Pb, Ag, Cd, Se and Ba) (United State Environmental Protection Agency
[USEPA], 1997). This process included digesting 1.0g of sample with 6 ml of
concentrated hot aqua regia acid for two hours followed by an addition of 3 ml of
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30% H2O2 to each sample, then reheating them an additional 30 minutes. Cooled
sample digestates were filtered through a Whatman 541 (2µm) filter paper and
diluted to 50 ml prior to being analyzed by inductively coupled plasma-optical
emission spectrometry (ICP-OES).
Mercury analysis was performed according to USEPA method 7471, cold
vapor atomic adsorption (USEPA, 1997). This involved combining 0.2g sample
mass with 5 ml of reagent water and 5 ml of aqua regia and heating for 2 minutes
in a 95ºC water bath before adding 50 ml of double deionized water and 15 ml of
10% KMnO4 solution. After 30 minutes the samples were removed from the bath
and, once cooled, 6 ml of a solution of 10% sodium chloride-hydroxylamine
sulfate was added to reduce the residual KMnO4. The digestates were analyzed
on a cold vapor atomic adsorption (CVAA) instrument.
Analysis for CN- was performed by a colorimetric technique per USEPA
method 9010 (USEPA, 1997). A subsample of 1.0 gram was weighed into a 50
ml distillation tube and 50 ml of distilled water was added and placed under
vacuum prior to the digestion process. Once a vacuum was achieved, a 50 ml
solution of 10 % sodium-hydroxide (NaOH) was placed at the receiving end of
the vacuum system to capture HCN gas released from the sample after the
addition of H2SO4. Once the vacuum system was set, 10 ml of a 50 % H2SO4
solution was added and heated to a boil for 90 minutes. After distillation the 50
ml of NaOH solution was analyzed for CN- by USEPA colorimetric procedure
9010.

3.3

Laboratory Quality Control/Quality Assurance

Quality Assurance/Quality Control (QAQC) included replicated samples,
reagent blanks and USEPA certified reference materials purchased from a USEPA
approved vendor (RTC Corporation). The variation, as measured by % relative
standard (1σ) for certified reference material and duplicated samples was <10%
per USEPA methods (USEPA, 1997). The recovery of metals and CN- was within
±10% of the certified values. Duplicate field samples were also analyzed and
required a <20% 1σ. All QAQC procedures included the verification of precision
at the beginning of each run by performing triplicate analyses. Additionally, it
was verified that the auto-sampler delivered a proper volume by routinely
checking volumes by weight of commonly used injection volume settings.
Analytical Standards were required to achieve a ± 5.0% recovery of true
values. If this was not achieved then the R2 of the linear regression must be 0.995
or greater to certify an acceptable analytical run under the USEPA program
guidelines (USEPA, 1997). If any QC sample failed USEPA criteria, the run was
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stopped and re-initiated. If the failure extended to the third attempt, the extraction
was discarded and a re-extraction of the sample was performed.

3.4

Enrichment Ratio

To obtain information about anthropogenically affected trace element
distributions around the mine site, the following equation was used to evaluate the
source, distance from the source, and other factors influencing natural and
anthropogenic elements and metalloids (Zhang and Shan, 2008). Aluminum (Al)
was chosen as the conservative element because its mass is consistently conserved
in the solid phase in the sediments.

ER =

(Tms / Als )
(Tmb / Alb)

(1)

where
ER value is the enrichment ratio,
Tms is the target metal or metalloid concentration in the sample,
Als is the Al concentration in the sample,
Tmb is the target metal background concentration, and
Alb is the Al background concentration.
For this study, background samples were collected at 60m, 120m and 180m up
gradient from the source of mine tailings leachates and erosion into the wash.
Aluminum background concentration, target background trace element
concentrations, and CN- concentrations were measured at this sampling location
(Table 1).

4.0

RESULTS AND DISCUSSION

4.1

Sediment Metals, Metalloid, and CN- Concentrations

Background concentrations for the nine (9) COCs and Al were determined by
collecting three samples above the mine in the wash that cuts through the mill site
in the Carnation Wash system. Background samples were collected at 60 m, 120
m and 180 m above the source material eroding from the Carnation Mine mill
tailings waste. Results for the three background samples were averaged for this
study. Concentrations of COCs were low in wash sediments in areas not affected
by mining and milling, as illustrated in Table 1. Cyanide was not detected in
background samples as expected because it was an anthropogenic input to the
system. Mercury also was not detected in wash sediments in the upgradient
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unaffected areas. All other target constituents were at expected levels for this
area. COC concentrations were elevated over background samples (Table 2).
Table 1. Background levels of contaminants in Nelson, Nevada.
Element
Arsenic
Cadmium
Chromium
Barium
Lead
Selenium
Mercury
Cyanide
Silver
Aluminum

-60 m
mg kg-1
<0.05
<0.01
87.2
258
49.0
9.53
<0.01
<0.01
<0.01
26 600

-120 m
mg kg-1
<0.05
<0.01
86.4
260
51.8
8.91
<0.01
<0.01
<0.01
24 800

-180 m
mg kg-1
<0.05
<0.01
78.6
241
57.6
7.36
<0.01
<0.01
<0.01
25 500

Averaged
mg kg-1
<0.05
<0.01
84.1
253
52.8
8.6
<0.01
<0.01
<0.01
25 633

Standard
Deviation
0
0
4.75
10.44
4.39
1.12
0
0
0
907.4

Detection
Limits
0.1
<0.01
0.01
0.2
0.5
0.5
<0.01
<0.01
<0.01
10.0

Table 2. Carnation Wash Metal Concentrations (mg kg -1), distances are in meters.
Sample
Location
(meter)
Background
Source
50
100
100 Dup
100 (STDV)
200
400
1000
2000
4000
6000

CN<0.01
2.14
1.18
1.35
1.28
0.05
1.35
1.33
1.08
0.25
1.54
0.88

https://scholarworks.umass.edu/intljssw/vol3/iss1/2

Hg
<0.01
0.854
0.45
0.318
0.30
0.01
0.79
0.81
0.61
0.48
0.851
0.612

Ag
<0.01
4.52
5.3
<0.01
<0.01
0.01
0.946
0.985
1.68
14.9
1.85
<0.01

As
<0.01
0.915
0.744
15.8
16.8
0.71
29.4
28.1
37.4
0.62
6.89
2.97

Ba
253
78.0
68.0
24.5
25.4
0.64
146
134
214
135
108
293

Cd
<0.01
0.174
0.195
0.03
0.02
0.01
0.202
0.186
0.122
0.474
0.052
<0.01

Cr
84.1
74
59.3
88.9
87.9
0.71
67.6
66.1
72.1
86
58
78.2

Pb
52.8
120
107
133.2
121.5
8.27
83.8
72.3
74.4
78.2
56.9
52.5

Se
8.6
5.12
<0.05
4.39
3.89
0.35
5.42
4.89
<0.05
10.2
10.2
3.72

Al
25 6333
18 600
10 700
26 700
23 400
20 796
25 600
24 400
18 900
18 500
13 100
22 400
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Figure 3. CN-, Pb, and Se enrichment ratios, dashed line represents 1.5
ER threshold.
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4.2

Wash Samples

Distribution of COCs, as indicated by enrichment ratios (ER), show that
geogenic and anthropogenic inputs of the constituents of concern are transported
downgradient in surface sediments. Neither Ba nor Cr was detected in sediments
above the 1.5 ER value and therefore these metals did not impact sediments
caused by the mining activities at Carnation Mine site. ER values for geogenic
elements of Ag, Cd, Pb, Se and As, and anthropogenic inputs of Hg and CNexceeded the 1.5 threshold described by Zhang and Liu (2002) and as indicated,
are enriched in sediments that are distributed down gradient from the source
material. Furthermore, according to ER data, Ag, Cd, Pb, Se, As, Hg, and CNshow similar patterns of distribution in wash sediments (Fig. 3, 4, 5 and 6).
Cyanide, Pb, and Se ER values peaked near the source with CN- and Pb
spiking at 50 m to produce an ER of 2.93 CN- and 11.19 Pb at 50 m down
gradient from the source. Selenium did not peak, at the source or along the wash
until 4000 m where Se was reported at 2.17 ER, but decreased to <1.5 ER at 6000
m. Cyanide and Pb showed similar distributions in sediments up to 2000 m where
CN- ER decreased to <1.0 but increased downgradient to >1.5 at 4000 m. At
4000 m, CN-, Pb, and Se increased above 1.5 ER uniformly then decreased below
the 1.5 ER threshold at 6000 m beyond the source area. Neither Ba nor Cr ER
exceeded 1.5 in the sampling event and therefore were most likely not
anthropogenically enhanced.
Mercury and As both exceeded 1.5 ER values and followed similar ER
distributions in wash sediments. The ER value for Hg was >12 at the source and
decreased slightly to 11 at 50 m; however, Hg ER increased to >17 at 4000 m
followed by a decrease to 7.27 at 6000 m (Fig. 4). It was expected that Hg would
have an ER value >1.5 for Hg in the wash sediments as Hg was used for
extracting precious metals from ores, and the residues of Hg are present in the
mine wastes. Arsenic however, was released to the wash sediments as a result of
the milling process. Between the source area and 50 m distance, As ER values
were 1.31 and 1.85, respectively, increasing to >52 (1/2 scale in graph), then
decreasing to 0.89 at 2000 m. As increased to >13 at 4000 m with a final ER
value of 3.53 at 6000 m (Fig. 4).
Silver and Cd showed similar distributions in wash sediments. Both Cd and
Ag increased to >1.5 ER at 50 m beyond the source area with similar trends in ER
values throughout the wash system. Both Ag and Cd increased slightly at 200 m,
then spiked to 10.7 Ag and 6.8 Cd at 2000 m beyond source materials (Fig. 5).
Silver and Cd continued to follow similar ER patterns decreasing to 1.88 Ag and
<1.5 Cd at 4000m and a final ER <1.5 at 6000 m beyond the source area. It is
clear that both Ag and Cd are influenced by the milling process and are
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transported into the Carnation Wash system. It is also clear that both metals show
similar distributions in the sediments.

5.0

CONCLUSION

Twelve samples were collected along a 6180 m transect of the Carnation wash
system. At each sample location three grab samples were composited into one
single sample and analyzed for COCs to determine the extent, if any, of
contamination migration down gradient from source mine milling waste located at
the Carnation Mine and Mill facility.
Anthropogenic activities associated with mining have caused the transport of
both geogenic and other anthropogenic contaminant COCs down gradient from
their source area in the Carnation Wash system as sorbed constituents. Both CNand Hg ER values exceeded 1.5 ER in sediments as expected because they are
contained in waste materials from precious metal extraction. Furthermore,
transport has occurred with geogenic COCs Pb, Ag, Cd, Se, and As down gradient
from their source material. ER values indicate that Pb, Ag, Cd, Se, and As have
been redistributed at least 6000 m down gradient by stormwater flows. It is
probable that the milling process used for the extraction of precious metals and
waste disposal practices have resulted in the release of mine waste contaminants
to the wash and transport by storm-water flow of the contaminated sediments
downgradient from the source area.
Based on the sediment data from the Carnation Wash System, trace elements
(Pb, Ag, Cd, Se, and As) have been enriched in wastes by the anthropogenic
influences of the milling process. Historical mining inputs of Hg and CN- also
were detected above background concentrations down gradient from the source
area, showing that redistribution of contaminants by sediment transport from the
source has occurred. It is reasonable to expect that other metals not within the
scope of this study also might have been affected and transported beyond the
source area. Further research is required to fully comprehend the extent of trace
element mobilization and transport as a result of anthropogenic influences in wash
sediments of the Carnation Mine site at Nelson, NV.
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